1 The putative direct protective effects of a series of chemically diverse xi-adrenoceptor antagonists against veratrine alkaloid-induced tetanic contractures in rat isolated left atria have been investigated. 2 Atria were mounted in organ baths containing normal, oxygenated physiological salt solution (20 ml, pH 7.4), for isometric tension recording. Atria were electrically driven at 4 Hz and were maintained at 34°C. Veratrine (1 00 ig ml-') was applied to the atria to elicit tetanic (diastolic) contracture. 3 Concentration-dependent protective effects against veratrine-contractures, in the absence of negative inotropic responses, were observed with the quinazoline congeners, prazosin and doxazosin and with the benzodioxane-related compounds, WB 4101 and its thio analogue, benoxathian. IC50 concentrations and apparent Hill coefficients of all four drugs ranged from 0.27 to 0.93 LM, and from 0.86 to 1.09, respectively, and are consistent with interaction at a single site. 4 In contrast, no protective activity versus veratrine-contractures was observed with corynanthine, 5-methyl-urapidil, phenoxybenzamine, phentolamine or chloroethylclonidine (10 JiM).
Introduction Methods
Impaired Na' channel inactivation is a potentially important mechanism which can lead to myocardial contractile failure under conditions of energy deprivation, such as ischaemia (Kohlhardt et al., 1989; Undrovinas et al., 1992; Ver Donck et al., 1993) . Veratrine-alkaloid intoxication of isolated cardiac tissues is a useful model of contractile failure, since veratridine, the active veratrine constituent, impairs Na' channel inactivation, which ultimately leads to Ca2" loading and tetanic contracture (Pang & Sperelakis, 1982; Honerjager, 1983 ) by well-described mechanisms (Leibowitz et al., 1986; Ver Donck & Borgers, 1991) . In a recent study, in which veratrine was employed to evoke tetanic contractures of rat isolated left atria, we discovered that the a,-adrenoceptor antagonists, prazosin and WB 4101, effectively prevented contracture development (Le Grand et al., 1993) . However, our findings left undetermined whether the protective effects of prazosin and WB 4101 were mediated by interaction with atrial o,-adrenoceptors and whether other a,-adrenoceptor antagonists share this previously undescribed property.
The objectives of the present investigation were therefore to determine (i) whether al-adrenoceptor antagonists in general afford protection against veratrine-contractures, and (ii) whether or not this activity is mediated by a,-adrenoceptor blockade.
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Isolation of atria
In accordance with French Law and the local ethical committee guidelines for animal research, male Wistar rats (360-420 g, OFA, Iffa Credo, France) were anaesthetized with sodium pentobarbitone (50mg kg-', i.p.) and treated with heparin (500 iu, i.v. Effects of a range of a,-adrenoceptor antagonists on veratrine-induced contracture
After the atria underwent a 30 min equilibration period, veratrine (100 lg ml-') induced a transient initial positive inotropic response followed by sustained increases in diastolic tension (tetanic contracture; Figure In order to examine whether the protective effect of prazosin against veratrine is species-specific, similar experiments were conducted in both guinea-pig and rabbit isolated, electrically stimulated (4 Hz) left atria.
Prazosin (0.1-10 IOM) produced concentration-dependent protection against veratrine contractures in both guinea-pig (IC" 2.80 pIM [1.23-5.29 ml-')-induced contractures were less marked in rabbit atria than those observed in rat and guinea-pig. Methoxamine (100 JAM) in the presence or absence of Padrenoceptor blockade with atenolol (1OiJM), had no significant effect on the time-course or the peak developed tension of tetanic contracture. Atenolol (10 JAM) per se had no effect upon veratrine-induced contractures (Table 2) .
Phentolamine ( Prazosin (10 M) fully prevented tetanic contracture, even in the presence of phentolamine (10 jiM), or phentolamine (10 fIM) and methoxamine (100 JAM; Figure 3) . Furthermore, the prazosin inhibition curve against veratrine-contracture, was not significantly modified by methoxamine (100 AM; Table 1 ; Figure 4 ). Similar results were obtained with WB4101 (data not shown).
Discussion
The aims of the present study were to determine (i) whether xl-adrenoceptor antagonists in general afford protection against veratrine-contractures, and (ii) whether or not this activity is mediated by blockade of ax-adrenoceptors. Veratrine intoxicates isolated cardiac tissues by impairing Na+ channel inactivation, leading to Ca2" loading and contractile failure (Ver Donck et al., 1986; Patmore et al., 1989; Wermelskirchen et al., 1991) . Although veratrine is an alkaloid mixture, the mechanism of action of the active constituent, veratridine, is well characterized. Veratridine binds to the open state of the Na' channel, thereby markedly enhancing the open probability (Honerjager, 1983; Leibowitz et al., 1986) , and evokes sustained, reversible increases in diastolic tension ftetanic contracture) of isolated atria (Le Grand et al., 1993) .
Effects of a series of chemically diverse cx,-adrenoceptor (Hanft & Gross, 1989) were respectively protective and inactive; and the MIB-subtype selective antagonist, chloroethylclonidine (Minneman et al., 1988) was ineffective. A serious doubt is thus raised as to whether the protective effect of the active compounds investigated is mediated by interaction with al-adrenoceptors.
Involvement of atrial a,-adrenoceptors
We then sought to determine whether the protective effects of ml-adrenoceptor antagonists are mediated by interaction with atrial xl-adrenoceptors. Functional al-adrenoceptors were demonstrated in rat isolated left atria by use of the relatively selective al-adrenoceptor agonist, methoxamine, which elicited concentration-dependent inotropic responses, in agreement with previous reports (Nakashima & Hagino, 1972; Nawrath, 1989) . Methoxamine-evoked positive inotropic responses were concentration-dependently inhibited by prazosin and were abolished by concentrations as low as 10 nM. This concords with the high affinity values reported for prazosin for rat atrial al-adrenoceptors (KD 0.24 nM, Chess-Williams & Broadley, 1987) . Veratrine-contractures, however, remained unaffected by high methoxamine concentrations. In addition, methoxamine failed to modify either the IC50 or nH values obtained for prazosin against veratrine-contractures. Moreover, prazosin fully prevented tetanic contracture development even in the presence of high concentrations of phentolamine (which were inactive per se) or methoxamine, or both.
These results indicate that the concentrations of prazosin required to inhibit veratrine-contractures are 2-3 log units higher than those that effectively antagonize positive inotropic responses elicited by al-adrenoceptor stimulation. In addition, prazosin prevented veratrine-contractures in a similar manner in rat, rabbit and guinea-pig isolated left atria, thereby excluding a species-specific effect.
Collectively, our findings strongly suggest that prazosin, doxazosin, WB 4101 and benoxathian elicit protective activity against veratrine-contractures by a mechanism which is independent of blockade of defined a,-adrenoceptors.
Possible mechanisms involved in the protective effects of prazosin, doxazosin, WB 4101 and benoxathian Impaired Na' channel inactivation, and Ca2" entry via voltage-operated Ca2" channels and/or Na'-Ca2" exchange appear to be the main mechanisms by which veratrine elicits tetanic contracture (Pang & Sperelakis, 1982; Honerjager, 1983) , and therefore represent the main possible targets for the actions of prazosin, doxazosin, WB 4101 and benoxathian. Blockade of Ca2" entry via voltage-operated L-type Ca2" channels can be excluded, since it has previously been shown that various Ca2" channel blockers afford little or no protection against veratrine (Wermelskirchen et al., 1991; Le Grand et al., 1993) . Voltage-operated T-type channels do not appear to be implicated either, since NiCl in concentrations as high as 100 LM failed to afford protection against veratrine (B. Le Grand et al., unpublished results). However, blockade of Ca2" entry occurring via Na'-Ca2+ exchange by these al-adrenoceptor antagonists cannot be ruled out at present. Several studies (Northover, 1983; Dukes & Vaughan Williams, 1984; Rosen et al., 1984) have shown that certain x1-adrenoceptor antagonists, including phenoxybenzamine, phentolamine, prazosin and WB 4101, reduce the maximum upstroke velocity (Vm.) of the action potential, possibly suggestive of inhibitory activity upon Na+ channel function. However, since phenoxybenzamine and phentolamine were ineffective against veratrine-contractures, interference with Vma. appears to be an unlikely explanation, particularly since compounds which strongly reduce Vm.,,, such as class 1 antiarrhythmic agents, fail to afford protection against veratrine intoxication (Le Grand et al., 1993) . Since tetrodotoxin (TTX) but not the class 1 anti-arrhythmics, quinidine and lignocaine, effectively prevented veratrine-contractures (Le Grand et al., 1993) , our previous proposal that prazosin interacts with a TTX-sensitive, quinidine-insensitive site on the Na+ channel merits further investigation. It is noteworthy that both TTX and the novel cytoprotective agent, R 56865 (Ver Donck & Borgers, 1991) , normalize impaired Na+ channel inactivation kinetics (Carmeliet & Tytgat, 1991) .
In conclusion, our observations show that veratrinecontractures of rat isolated left atria are prevented by al-adrenoceptor antagonists of the quinazoline and benzodioxane-type, but not by al-adrenoceptor antagonists from other chemical classes. The protective mechanism of action of prazosin, doxazosin, WB 4101 and benoxathian is apparently unrelated to an interaction with defined a,-adrenoceptors.
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